Introduction
Buildings in Australia, including residential premises, are important contributors to greenhouse gas emissions and climate change [1, 2] where the residential sector consumes 8% of the total energy use [3] and more than 40% of this consumption is used for space heating and cooling [4] . Therefore, the development of residences containing low embodied energy and which require little energy for space heating and cooling is of prime interest to architects and builders.
Rammed earth (RE) wall houses are perceived to be sustainable as they carry extremely low embodied energy, in particular when locally available material is used [5] [6] [7] . In addition, with their large thermal mass, RE wall houses are assumed to perform in a thermally desirable manner because the mass can effectively delay the heat transmission through the external walls, particularly in summer when peak indoor temperatures are delayed by a long thermal time lag. In a relatively mild climate without extended periods of heat or cold, energy conservation can be achieved and temperature smoothed out [8] [9] [10] . Moreover, a study conducted by Allinson and Hall [11] indicated that RE walls can potentially save the energy for indoor humidification. M a n u s c r i p t 4 Such perceptions of RE walls mean that their construction has attracted increasing interest recently as architects develop greater interest in sustainability principles. However, considered more realistically, the smoothing of the temperature in mild climates is offset by the fact that when summer and winter are more extreme (hot and cold for long periods), the low thermal resistance (R-Value) of RE could result in poor thermal performance. Once the interior space is warm during several hot days, it is difficult to cool unless night-time ventilation is applied. In cold days the earthen material does not effectively prevent heat draining from the inside to the outside of the house, which means that a large amount of energy may be required for space heating. Because of this behaviour, it is currently difficult for house designs using only RE walls to satisfy the Deemed-to-Satisfy provisions of the Building Code of Australia within the Australian National Construction Code (NCC) [12] , which require a minimum R-value for external walls of 2.8m²K/W for Class 1 buildings (detached residential) for all climatic zones in Australia except the Alpine zone, where the minimum requirement is 3.8m²K/W. According to previous studies [13] [14] [15] [16] , a typical 300mm thick RE wall has an R-Value of only 0.27-0.70m 2 K/W. The NCC has an alternative requirement for external walls with a surface density greater than 220kg/m 2 , which states that an equivalent wall insulation with an R-Value of 0.5 to 1.0m²K/W (depending on other design parameters) shall be added. A typical 300mm thick RE wall has a surface density much greater than 220kg/m 2 (usually between 540 and 660kg/m 2 [16] ). Thus insulation with an R-Value of 0.5 to 1.0m²K/W is required for solid RE walls in all climate zones except for the Alpine zone.
Insulated cavity RE walls
For RE, rigid insulation (extruded polystyrene or polyisocyanurate) can be inserted in the middle of the wall to preserve the aesthetics of the wall surfaces [17] . Extruded polystyrene A c c e p t e d M a n u s c r i p t
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(XPS) with a thickness of 1m has an R-Value of 28.6-40.0m²K/W [18] . If the average value of 34.3m²K/W is applied, a solid RE wall would need to be insulated by XPS with a thickness of 15 to 30mm, in order to satisfy the minimum R-value requirement of the NCC.
Although adding 15mm to 30mm thick XPS insulation enables RE wall houses to meet the minimum R-Value requirement of the BCA, it does not guarantee satisfactory thermal performance without taking into account the other design parameters including window size, window shading, insulation thickness and the amount of thermal mass [19] . The effects of insulation as well as these other design parameters on thermal performance are discussed in the following sections of this paper.
Star rating requirement and methods for reducing energy load
There is another option for Class 1 buildings (residential) to satisfying the requirement of BCA [20] : the Energy Efficiency requirement, also known as the star rating method. There are 10 star ratings (1 to 10) in the Nationwide House Energy Rating Scheme (NatHERS), where more stars correspond to less energy loads. Note, in the BCA, the star rating is based on predicted space heating and cooling loads only, hence the star rating bands vary according A c c e p t e d M a n u s c r i p t 6 meet a 6-star rating as a minimum. In other words, the total predicted energy load for heating and cooling of the building must be equal to or less than the maximum allowed for each climate region for a 6-star rating.
Passive design strategies such as direct solar gain for passive heating and natural ventilation for passive cooling are effective to reduce the heating and cooling loads, respectively [21, 22] . The direct gain strategy requires a large amount of thermal mass to absorb and store solar heat that comes through the windows during the day and to release this stored energy slowly during the night [22] . Natural ventilation (for example opening windows when the outdoor temperatures are lower than indoors) helps to cool a house and reduces the cooling load [21] . In order to effectively implement these passive strategies, the windows must be sized accordingly as a large amount of heat flow between the inside and outside of a building as well as the natural ventilation in a building is transferred through windows. Window shading should also be taken into account as it controls the amount of solar gain through the windows. In summary, many researchers have confirmed that substantial energy saving on space heating and cooling can be obtained through optimised window design [23, 24] and proper use of thermal mass and insulation [25] [26] [27] .
Investigations
The study aims to investigate the relationships between each parameter and the energy loads as well as total life-cycle cost, thus providing information for designers and house owners to make strategic design decisions. For example, small window areas in some climates can result in low energy loads; however, the occupants may prefer large windows for better natural light or frame view. With the information provided by this study, occupants can make more informed decisions by balancing the advantages and costs of increasing window size. It should be noted that the recommendations provided from this study are for A c c e p t e d M a n u s c r i p t 7 residential buildings. For other building types (such as office buildings), the basic model as well as the assumptions of the simulation should be modified accordingly. In order to achieve this aim, the following objectives need to be fulfilled: a) Quantify the effects of four design parameters on the heating and cooling loads of hypothetical RE houses. They are: (1) the size of each window in relation to the walls (window to wall area ratio, WWR); (2) the window shading (expressed as the projection factor, which is the ratio between the width of window shading and the distance between the bottom of the window shading and the window sill, as shown in The options for each parameter were:


Window to wall ratio:
Five options of the WWR were evaluated -10%, 20%, 30%, 40% and 50%. The minimum value 10% was selected considering that the house needs some natural light and ventilation. The maximum value 50% is restricted by the wall length as the window area was determined by the window width which is limited by wall length. The window sill and height were kept constant.

Projection factor: the window shading was assumed to be 0.2m above the top of window. Five options for window shading (projection factor) were considered, from no window shading (projection factor 0, corresponding to an eave width of 0.00m) to large window shading (projection factor 0.60, corresponding to an eave width of Larger window shadings were not considered as it would prevent the house from obtaining sufficient daylight.
 RE wall leaf thickness: Four thicknesses were considered for each RE wall. The thicknesses ranged from 150mm to 225mm, incrementing by 25mm, as according to local builders it is difficult to construct wall leaves thinner than 150mm nor wall leaves thicker than 225mm are not usually applied for insulated cavity RE houses due to the fact that overly thick RE walls are not economical and will sacrifice the usable floor area. When investigating the effect of internal or external wall thickness, the other wall leaf thickness (150mm) and the insulation thickness (30mm) were kept constant as shown in Figure 2 . 
Methods
The heating and cooling load was simulated using the energy rating software AccuRate [28] . Accurate calculates the annual heating and cooling energy loads required to maintain thermal comfort in a model building, taking into account the building parameters, location M a n u s c r i p t 9 and assumed usage of the building. The software was developed by CSIRO and is accredited for use in NatHERS. The accuracy of this software has been validated both empirically and through intermodal comparisons [29] [30] [31] [32] . The mathematical basis of this energy rating tool can be found in the work of researchers such as Walsh and Delsante [33] , and the detailed assumptions embedded in this software about weather data, internal gains, infiltration, use of heating and cooling and the window opening schedule are explained by the authors in a previous article [34] .
Life-cycle costing in the current study was a combination of the initial cost of construction (including the cost for air conditioner) and the running costs (for space heating and cooling).
The detailed calculations are presented in Section 5.3.
"Base case" model house
This study uses a one-zone building as it is common to analyze and simulate thermal performance of houses using simplified models [30, 32] . Table 1 lists the characteristics for the base case house of an insulated cavity RE wall house. The results for this base case house will be the reference point for comparing the effect of changes to design parameters. A diagram of the base case house is shown in Figure 4 where it can be seen that the base case house was a north facing single zone house with no window shading. WWR of 10% for each direction was applied. It should be noted that according to NCC, the minimum required glazed area for habitable rooms is 10% of the floor area. For the base case house in this study, the overall glazed/window area was 10.8m 2 , which was more than 10% of the floor area of With AccuRate, a factor that would affect the energy loads of multi-zone houses was the heating thermostat setting, which varies according to the zone type (the cooling thermostat was independent on zone type). In other words, it was actually the zone type instead of the application of partition walls that affects the energy loads of houses. In this study the zone type was assumed to be Living/kitchen (which is required for one-zone model analysis by
AccuRate program as internal heat gains from occupants and equipment can be considered in this zone type) and the heating thermostat setting for this zone type is 20
The test simulations however found that the optimum values of the design parameters were independent of the thermostat settings. It can therefore be concluded that the simple model house can be used to conduct the parametric study in this research.
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Australian climate zones
For the analysis, three locations were considered -Longreach, Adelaide and Ballaratcovering Australia climate zones 3, 5 and 7 (as shown in Figure 5 ), corresponding to semiarid climate (Bsh), hot Mediterranean climate (Csb) and moderate oceanic climate (Cfb) in the Koppen climate classification system, respectively. Detailed information about these climate zones is available from the NCC [12] which is summarized in Table 2 . The maximum energy load demand to satisfy the 6-star rating requirements of the NCC [12] is presented in Table 2 for each of these locations.
Life-cycle cost analysis
Initial cost
The price of constructing RE walls (maximum storey height of 3m) is commonly calculated by wall area according to contractors who were consulted during the current study.
In real life situations, the labour component will be built-in. For the purposes of the current study, this labour cost was assumed to be independent of the wall thickness so that only the quantity of the materials was responsible for any price differences in the study calculations.
The price of each building parameter was provided by the contractors or derived from quotes provided by Rawlinson's Quantity Surveyors and Construction Cost Consultants [35] . The standard construction costs in Adelaide, South Australia, were used for all calculations (as shown in Table 3 ); whereas the price of some building parameters in Longreach and Ballarat were not available. The prices of building parameters in different cities will not affect the investigation of this research. The inflation rate (2.75%) and interest rate (4.75%) used in this analysis was the average value of Australia inflation rate for the last 10 years (2004-2013) [36, 37].
M a n u s c r i p t
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Data for the air conditioner modelling in the current study were obtained from standard reverse cycle machines which have extremely high efficiency. Reverse cycle air conditioning was selected for the heating/cooling system as it was the most popular system for cooling and heating (reverse cycle heat pump system) in Australia according to a 2012 survey [38] . Its size was based on the peak heating and cooling load and the price reflected the machine's capacity to cool or heat. Prices of common reverse cycle air-conditioners and their capacity were obtained from local market, which can also be obtained online [39] . The relationship between the capacity and price of a reverse cycle air conditioner is illustrated in Figure 6 where the cooling capacity ranged from 2.0kW to 12.5kW and the while heating capacity ranged from 2.7kW to 14.0kW). The equations presented in Figure 6 are polynomial equations for the trend lines of the selected data. The symbol '$' represents the Australian Dollar.
The initial cost of construction of the model houses ( ) consisted of the cost of constructing the RE walls ( ), the cost of insulation materials ( ), the cost of windows ( ), the cost of window shading ( ) and the cost of air conditioning ( ), which can be computed as: .
The cost of window eaves and windows were based on their dimensions. Once the windows were sized, the volume of RE and insulating material could be determined based on the net wall area and wall thickness, and then the cost of RE walling and insulation material could be determined. For each model, the peak heating and cooling load was determined using Accurate. Based on the peak load, a virtual air conditioner was devised and its price was then derived from the relationship given in Figure 3 .
Running cost for heating and cooling
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Running cost ( ) depends on the cost of heating ( ) and cooling ( ), which can be expressed as: ; the annual cost for heating/cooling of a house can therefore be calculated as: and , where = the amount of energy consumed for heating or cooling annually; = the unit price of electricity for heating (in winters) and cooling (in summers), respectively; = the heating coefficient of the performance and cooling energy efficiency of the reverse cycle air conditioner, respectively.
The actual (present) value ( ) of during the life-cycle of the building can be calculated by [27, 40, 41] : (if i>g), where = the inflation rate; = the interest rate; = the assumed life-time of the building.
For each model house with given input data, the annual heating and cooling load were calculated and the annual cost of heating and cooling was determined. As a result, the running cost of the model house over its life-cycle could be calculated. Values of the parameters used in the calculation, based on local market conditions, are provided in Table 3 .
Simulation results
The simulation results show that the dwelling in warm temperate climates (Australian climate zone 5) required both cooling and heating. In hot arid climates (Australian climate zone 3), however, space heating was hardly required; almost all the energy was consumed for space cooling. In cool temperate climates (Australian climate zone 7), space cooling accounted for a very small proportion of the total load (always less than 3%) and space heating consumed most of the energy. 
Warm temperate climates (such as
Effect of window size
As illustrated in Figure 7 , increasing the size of the north window decreased the heating load considerably as the north facing window was able to collect solar heat in winter. This, however, would increase the cooling load in summers with heat entering the house through the large north windows. The minimum total load over the year was achieved when the north window size was 40% of the wall area. East and west window sizes had similar effects on the energy loads as shown in Figure 7b and 7d. Increasing the size of these two windows lowered the heating load and raised the cooling load with the total load also being increased because the cooling load increase outweighed the drop in the heating load. Enlarging the south window ( Figure 7c ) increased both the heating and cooling loads particularly due to the increase in cooling due to the heat gains late in the afternoon when the sun could still reach the south-facing windows. Figure 8 shows that increasing the projection factor of window shading resulted in a considerable increase in heating load and a small reduction in cooling load. As the projection factor increased from 0 to 0.60, the total energy load increased from 75.3 to 92.9MJ/m 2 per annum due to an increased heating load.
Effect of window shading
Effect of RE wall thickness
As illustrated in Figure 9 , only a slight reduction in the total energy load (less than 4%)
was achieved by increasing either the external or internal RE wall leaf thickness from 150mm to 225mm as the total thermal property of the original walls only changed slightly with an M a n u s c r i p t 15 increase by 75mm of thermal mass. Despite the claims that RE walls provide excellent thermal mass effect, this investigation found that the benefit of having thicker RE walls is small.
Effect of insulation thickness
As shown in Figure 10 , increasing the insulation thickness for the hypothetical house in Adelaide (Australian climate zone 5) from 30mm to 100mm reduced both the heating and the cooling load, and the total energy load dropped by 36% from 75.3 to 48.4MJ/m 2 per annum as the increased thermal resistance that can effectively reduce the heating load.
Meeting the 6-star requirement
In summary, in a warm temperate climate (Australian climate zone 5) where space heating consumes more energy than space cooling, strategies which can effectively reduce the heating load are desirable, such as applying large north windows and small other facing windows, minimising the eave width and maximising the insulation thickness. Increasing wall thickness can only slightly reduce the energy load thus it is not recommended to reduce energy loads by constructing very thick walls.
It should be noted that the energy loads presented in Figures 7 to 10 were calculated value.
The star rating was assigned based on the area-adjusted load, which was calculated by adjusting the total load in proportion to the total building surface area to floor area ratios of a range of dwellings in a particular Climate Zone [42] . From the data presented above, the maximum total energy load of 99.2MJ/m 2 per annum occurred when the WWR for the south window was 50%. The area-adjusted load for this calculated value was 80.8MJ/m 2 per annum, which was lower than the maximum demand of 6-star rating (96MJ/m 2 per annum) for this climate. This means that for the base case house, each option of these four parameters investigated in this study can be applied in this climate. Since the heating load in hot arid climates (Australian climate zone 3) and the cooling load in cool temperate climates (Australian climate zone 7) accounts for a very small part of the total energy load, only the total energy load was analysed as shown in Figure 11 .
In hot arid climates (Australian climate zone 3); the window size in each direction has a similar effect on the total energy load. Increasing the WWR from 10% to 50% caused in all instances a significant rise in the total energy load from 89.0 to approximately 140.0MJ/m 2 per annum. Increasing the projection factor is an effective way to reduce the total energy load in hot arid climates, whereas when the projection factor increased from 0 to 0.60, the total energy load dropped by 16% from 89.0 to 74.9MJ/m 2 per annum due to the fact that in this climate zone, space heating is rarely required and large window shading can effectively reduce the cooling load. RE wall thickness had only small effect on the total energy load, while an increase of insulation thickness from 30mm to 100mm reduced the energy load by 16%.
In cool temperate climates (Australian climate zone 7), the east and west window sizes had only a very slight effect on the total energy load. Increasing the WWR of the north facing window from 10% to 50% led to a substantial drop (by 18%) in the total energy load, while increasing the WWR of south facing window resulted in a considerable increase (by 12%) in the total energy load. Increasing the projection factor from 0 to 0.60 resulted in a rise of the A c c e p t e d M a n u s c r i p t total energy load by 14% from 268.0 to 306.1MJ/m 2 per annum due to the fact that in this climate most of the total energy load was used for space heating and larger shadings reduced the amount of solar heat entering the house hence the increased the heating load. The efffect of RE wall thickness on the total energy load in this climate was similar to that in hot arid
climates. Insulation thickness, however, had greater effect in cool temperate climates (an increase from 30mm to 100mm reduced the energy load by 26%) than that in hot arid climates.
In summary, in a hot arid climate (Australian climate zone 3), considering all changes investigated in this study, the maximum calculated energy loads of the base case house (140.0MJ/m 2 per annum) was achieved when the WWR of the east facing window was 50%.
The area-adjusted load for this calculated value was 119.9MJ/m 2 per annum, which was still lower than the maximum demand of 6-star rating (141.0MJ/m 2 per annum) for this climate, meaning that for the base case house, all the changes investigated in the study can be applied.
In a cool temperate climate (Australian climate zone 7), however, the base case house can achieve the 6-star rating requirements only when the WWR of the north facing window was 30% or above, or when the insulation thickness was 50mm or more. Changing the values of the other parameters, individually, however, cannot help the base case model to meet the 6-star rating requirements unless some of the other parameters were also changed. For example, if the WWR of the north facing window is smaller than 30% (which makes the base case model fail to meet the 6-star rating requirements), the base case house can still meet the 6-star rating requirements if the insulation thickness is changed to be more than 30mm.
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Effect of each parameter on the total life-cycle cost
In order to reduce the total energy load or to meet the 6-star rating requirements, the design parameters must be optimized; however, changing the value of the parameters may results in an increase of total life-cycle cost. For example, increased insulation thickness will reduce the total energy load and therefore the running cost for heating and cooling, but doing so will increase the cost of insulation material. If the increase in the material cost outweighs the reduction in the running cost, the total life-cycle cost will increase. Hence in order to minimize the total life-cycle cost, the effect of each parameter on the total life-cycle cost has to be investigated. For example, in hot arid climates, small windows on each wall will result in lower energy loads, but in practice large windows are commonly favoured by the occupants in order to capture natural light, to frame views and to augment heating. Increasing the window size may however increase the total energy load, but as long as the total energy load can be kept under the maximum allowable for a 6-star house by changing other parameters (for example increasing the insulation thickness), then large windows are acceptable. In this case, what designers will be more interested to know is the implication of increasing the window size/insulation thickness on the total life-cycle cost. If the increase in the window size and insulation thickness will only result in a small increase of the total lifecycle cost then large windows may be chosen. Figure 12 shows an example of the effect of a design parameter (north window size) on the economic costs of rammed earth houses in climate zone 5. In general, the initial cost of construction and air conditioning has the most significant impact on the total life-cycle cost,
Warm temperate climates (such as Australian climate zone 5: Adelaide)
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while the cost for heating and cooling only accounts for a small portion of the total life-cycle cost due to the fact that reverse cycle air conditioners have very high efficiency.
It can be seen from Figure 12 that the minimum life-cycle cost occurs when the north window size is 30% of the wall area. The effects of the other three window sizes and window shading on the economic costs are reported in Table 4 . For the east, south and west windows, the smallest window size (WWR=10%) gave the minimum life-cycle cost although the lifecycle cost did not increase considerably (no more than $620) when the window sizes (east, south and west) increased from 10% to 30%. This means having larger windows in these walls does not have much of an impact on the total life-cycle cost of the house. Increased window shading (expressed in the projection factor) resulted in an increase in energy load, and therefore increased running costs (21%). The initial cost also increased because of the larger eaves. Hence the total life-cycle cost of the building increased due to the increase in both running and initial costs.
The effects of RE wall leaf and insulation thickness on the costs are presented in Table 5 where it can be seen that the external and internal RE wall leaf thicknesses had only a small effect on the running cost. For example, increasing the external wall thickness from 150 to 225 mm only reduced the running cost by 3%. The life-cycle cost, however, increased by 18% as each wall thickness increased from 150 to 225mm. Hence thinner RE wall leaves are recommended as long as they can fulfil the building's structural strength requirements [13, 43] . The running cost decreased by $1028 (36%) while the total life-cycle cost increased by $4390 (9%) with the gradual increase in thickness from 30mm to 100mm because the increase in the initial cost due to the extra insulation was more than the decrease in the present value of the running cost. 
Effect of window size
In hot arid climates (Australian climate zone 3), increasing the size of each window led to both greater initial costs and greater running costs, meaning an increased life-cycle cost for the building as shown in Table 6 . As the WWR increased from 10% to 50% for north, east, south and west windows, respectively, the life-cycle cost increased by $2527, $2720, $2677
and $3051, respectively. In cool temperate climates (Australian climate zone 7), however, increasing the north WWR up to 50% would slightly decrease the total life-cycle cost, and increasing east or west WWR up to 30% (50%) will only increase the total life-cycle cost by 1% (2%). What is important to note, however, is that in order to meet the 6-star requirements, the WWR of the north facing window of the base case house should be no less than 30%, and the larger the better.
Effect of window shading
As can be seen from Table 7 , in hot arid climates (Australian climate zone 3), increasing the projection factor from 0 to 0.60 resulted in a 16% reduction in running cost. The minimum initial cost and life-cycle cost were achieved at a projection factor of 0.45. In climate zone 7, however, increasing the projection factor increased both the initial cost and the running cost because the shading would reduce the amount of solar radiation into the space in winter, hence increasing the heating energy. Life-cycle cost increased by $1722 as the projection factor increased from 0 to 0.60. M a n u s c r i p t 21
Effect of wall leaf thickness
Running costs could not be reduced to any great degree by increasing either the external or the internal wall thickness whereas increasing the wall thickness significantly raised the initial cost. Consequently, in hot arid climates, the total life-cycle cost increased by 17%
(14%) when exterior (interior) wall leaf thickness increased from 150mm to 225mm as shown in Table 8 and Table 9 . In cool temperate climates (Australian climate zone 7), similar results were observed with total life-cycle costs increased by16% when each of the wall leaf increased from 150mm to 225mm. Table 10 shows that in hot arid climates (Australian climate zone 3), increasing the insulation thickness from 30mm to 100mm can reduce the running cost by 16%, while the initial cost and total life-cycle cost were minimized at an insulation thickness of 40mm. In cool temperate climates (Australian climate zone 7), it is clear that increasing the thickness of the insulation from 30 to 100mm also led to a steady drop in running costs (up to 24%) but raised the initial and total life-cycle costs by 13% and 6% respectively. It is important to note that insulation with a sufficient thickness (50mm for the base case house) must be applied in order to meet the 6-star rating requirements. Although increasing the insulation thickness will result in an increase of total life-cycle cost, the total energy load can be considerably reduced while the cost penalty from increasing insulation thickness is not significant (the total lifecycle cost will only increase by approximately 1% for every 10mm increase in insulation thickness). Hence if the total energy load of a house exceeds the maximum value for 6-star rating requirements, it is recommended that insulation thickness be increased in order to reduce the energy load (to a value that is lower than the maximum allowance for 6-star requirements).
Effect of insulation thickness
Page 22 of 47
A c c e p t e d M a n u s c r i p t 22
Multiple parameter study
Multiple parameter study was conducted to investigate the optimal thermal performance of fully optimised ICRE wall houses. To achieve this aim, once the optimum value (in terms of total energy load) of a parameter was determined, it was applied in the subsequent investigations of the other parameters. The results show that the optimum value of each parameter for the multiple parameter study was the same as that for single parameter study;
except for the east and west window size for model house in cool temperate climate (for multiple parameter study, the optimum value of both east and west window size was 10% of the wall area, whereas for single parameter study, the optimum values for east and west window size was 50% and 40% of the wall area, respectively).
In terms of the life-cycle cost, the optimum value of each parameter for multiple parameter study was the same as that for single parameter study. In general, small value of each parameter results in low life-cycle parameter. It should be noted that in order to meet the 6-star rating requirement, in cool temperate climate, the north window size should be no less than 30% of the wall area, or the insulation thickness should be larger than 50mm, or the external walls of the house was insulated with 40mm insulation with a north window size larger than 20% of the wall area. Among these three options, having large north window (more than 30% of the wall area) lead to the minimum life-cycle cost.
Conclusions
The present study aims to provide the relationship between each parameter and energy loads/life-cycle cost, so that designers and house owners can make more informed decisions by balancing personal preferences with the cost of implementing them. In order to achieved this aim, an analysis of the energy efficiency and economic costs of RE houses was M a n u s c r i p t 23 conducted by examining different options for the design parameters across a range of climate zones (from hot arid to cool temperate). The optimum value of each design parameter (from the minimum energy load/total life-cycle cost point of view) was determined with reference to the base case house developed for this study. This means that when the design parameters for the base case house were changed, the optimum values of each parameter will change.
Also, the optimum value of each parameter determined in this study was restricted by the selected options of each parameter (range and increment). For example, the optimum wall thickness corresponding to minimum life-cycle cost may be calculated to be 108mm; however, it is unrealistic to construct a RE wall with such precision (to the nearest millimetre). The increments for each parameter studied in this project were reasonable values in ranges recommended by experienced local builders.
In summary, each parameter in combination with the other parameters has different effects on the energy load and total life-cycle cost in different climates. It should be noted that the calculation of life-cycle cost is based on reverse cycle air conditioner only, and the result is sensitive to the type of heating/cooling system used. The effect of using other heating/cooling systems on the life-cycle cost will be different; however, this is beyond the scope of this study. The main contribution of this research is to provide recommendations for smart designs based on the relationship between each parameter and the energy load/life-cycle cost of a RE house. With the results presented in this study, designers and home owners will be able to make more informed decisions.
A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t M a n u s c r i p t 26 Simple wooden frames + 1mm thick steel sheets * The thermal properties of the material are selected as the default value from the software AccuRate. M a n u s c r i p t 27 "+" and "-" stand for increase and decrease, respectively. M a n u s c r i p t 34 Figure 1 Calculation of projection factor. This figure illustrates how the projection factor is calculated. Projection factor is the ratio of the depth of window eave to the distance between the window sill and the bottom of window eave).
Figure 2
Increasing wall leaf thickness. This figure illustrates how this parameter is changed.
When the thickness of one wall leaf increases, the thicknesses of the other wall leaf and the insulation are kept constant. Figure(12) 
